Toxoplasmosis is caused by an intracellular protozoan, Toxoplasma gondii, which has a wide geographical distribution. The main infection routes are ingestion of cysts from raw or badly-cooked meat, ingestion of oocysts from substrates contaminated with the feces of infected felines and congenital transmission by tachyzoites. The congenital form results in a severe systemic disease, because if the mother is infected for the first time during gestation, she can present a temporary parasitemia that will infect the fetus. Many of the clinical symptoms are seen in congenitallyinfected children, from a mild disease to serious signs, such as mental retardation. Early diagnosis during the pregnancy is highly desirable, allowing prompt intervention in cases of infection, through treatment of pregnant women, reducing the probability of fetal infection and consequent substantial damage to the fetus. Conventional tests for establishment of a fetal diagnosis of toxoplasmosis include options from serology to PCR. Prevention of human toxoplasmosis is based on care to avoid infection, understanding the disease and serological exams during gestation. Pregnant women should be tested serologically from three months gestation, until one month after childbirth. Inclusion of serology for congenital toxoplasmosis along with the basic Guthrie test for PKU is of fundamental importance for early diagnosis of infection and so that treatment is initiated, in order to avoid possible sequels in the infant.
Toxoplasmosis is a widely-distributed zoonosis caused by Toxoplasma gondii protozoa [1] . Although there is a high prevalence of unapparent infections, toxoplasmosis can develop into a severe systemic illness when in its congenital form, in which the mother, when infected for the first time during pregnancy, can present a temporary parasitemy with focal lesions generated within the placenta, thereby infecting the fetus [2] .
The parasite reaches the fetus transplacentally, causing various degrees of damage, depending on the virulence of the parasite, on the immune response of the mother and on the pregnancy period of the woman when infected, resulting in fetal death or in severe clinical symptoms [3] . It can also develop during the birth of normal children that later presents retinochoroiditis alterations, provoking mental and psychomotor disorders [2] . According to Meenken et al. [5] , approximately 80% of children diagnosed with sub-clinical toxoplasmic infection present ocular sequels at some point in their lives. Lesions to the retina are the most frequent sequels, and they can be easily detected in ophthalmological examinations. These signs indicate that there neurological symptoms are possibly involved [5] . A classical study by Sabin [6] describes the tetrad of clinical symptoms of congenital toxoplasmosis: microcephaly or anencephaly, intracranial calcification, mental abnormalities and chorioretinitis [7] .
Initially, T. gondii enters through the intestinal epithelium, spreading to tissues and breaking through biological barriers, such as the placenta and hematocephaly barriers [8] , reaching immunologically-deprived sites where the parasite can cause even more severe pathologies, such as disseminated congenital toxoplasmosis [9] , acute neurological complications in immunologically-compromised individuals [10] and ocular pathologies in healthy individuals [11] .
Although the severity of the fetal illness is inversely proportional to gestational age, the vertical transmission rate is directly proportional to the pregnancy stage of the mother when acquiring the infection for the first time [12] (Table 1) .
Alterations in the mother's immunity during pregnancy were analyzed as a risk factor for toxoplasmosis-sera conversion by Avelino et al. [13] , in a study of 3,564 women between 12 and 49 years of age, in the state of Goiânia, Goiás, in central Brazil. The risk of toxoplasmosis seroconversion in pregnant mothers was 2.2 times higher than in women who were not pregnant, in the same age group. This risk increased to 7.7 in adolescents (12 to 20 years old) [13] .
Among all women who were first infected by T. gondii during pregnancy, 61% will not transmit the illness to the fetus, 26% of the conceptions will present subclinical infection and in 13% there will be a clinical infection (7% in an acute form and 6% in a mild form) [14] . In different countries, the prevalence of toxoplasmosis acquisition during pregnancy varies from one to 14 cases in every 1,000 pregnancies. However, congenital infection occurs in 0.2 to 2.0 newborns in every 1,000 births [15] .
Sáfadi et al. [12] studied, during a period of at least five years, 43 children with congenital toxoplasmosis at Santa Casa de São Paulo Hospital from March 1990 until January 1999. They found a prevalence of subclinical infections at birth (88%). Among the 43 children, 22 (51%) developed neurological manifestations, 41 (95%) presented ocular alterations; among these 36 (88%) were bilateral alterations. Three children, initially presenting normal ocular results, developed chorioretinitis years after the diagnosis, despite being treated during their first year of live. Five other children with delayed diagnosis, and therefore not treated within their first year of life, had reactivation of ocular lesions. The main neurological sequel observed was a delay in neuralpsychomotor development. Ophthalmological findings were: chorioretinitis (95%), strabismus (49.0%), nystagmus (47.0%), microphthalmia (9.3%) and cataracts (2.3%). Among the mothers, 19 (44%) had cats in their houses, six (14%) had ingested meat that was not thoroughly cooked, four (9.3%) had contact with sand and soil and 18 (42%) did not know their status in relation to such risk factors [12] .
Chorioretinitis is the lesion most frequently associated with congenital toxoplasmosis. Approximately 30 to 60% of uveitis occurs due to T. gondii infection. Two kinds of lesion are found: acute retinitis, with severe inflammation, and chronic retinitis, with progressive visual impairment, sometimes progressing to blindness [16] .
Despite its low prevalence, there are reports in the literature of cases of congenital transmission in children born from women who had been infected by T. gondii prior to conception, whether presenting immunodeficiency or normal immune status [17] . Silveira et al. [18] reported a case of congenital toxoplasmosis in which an immunocompetent mother presented a chorioretinitis scar due to toxoplasmosis diagnosed 20 years previous to the pregnancy. That mother had already had two other pregnancies in which the children were born without any problems, without anti-T.gondii antibodies. The third child, however, was serologically diagnosed (anti-T. gondii IgG and IgM) with congenital toxoplasmosis, was treated during the first year of live, and presented a scar on the right eye macula when submitted to an ophthalmologic test at nine months of age. Another similar case was reported by Kodjikian et al. [19] , in which the mother, immunocompetent and previously infected, had her third child reactive to antibody IgG, IgM and IgA at birth. The child was treated with sulfadiazine-pirimetamine and, at three weeks of age, the fundus exam presented bilateral macular chorioretinitis. These two cases can be explained as re-infections by differents genotypic strains from those of the strains causing the original infection or by reactivation of latent infection induced by cellular immunity associated with pregnancy [18, 19] .
It is known that T. gondii virulence differs in animals depending on the species genotype of this parasite [20] . Moreover, identification of the association between the severity of illness and species genotype is very important for the determination of appropriate treatment and its sequels in each case [21] . Prevalence and consequences of re-exposition to T. gondii during pregnancy in women already immune to the parasite are unknown and perhaps underestimated, making it necessary to suspect congenital toxoplasmosis in children presenting suggestive alterations, even though they are children of mothers who suffer from chronic toxoplasmosis.
Prevalence
Couto et al. [15] reported that the prevalence of anti-T. gondii IgG antibodies presents regional variations. This fact has been mainly attributed to climate differences and especially to cultural differences. In the city of Santarém, in the state of Pará, from 1997 to 1999, a prevalence of 72.2% for toxoplasmosis in 601 people was reported. Forty-one of these individuals were pregnant women, and among these, there was a prevalence of 82.9% of anti-T. gondii IgG antibodies [22] .
Mozzatto and Procianoy [23] studied 1,250 pregnant women in the state of Rio Grande do Sul; they found a prevalence of anti-T. gondii IgG and IgM antibodies of 48.5 and 0.6%, respectively. In their study, IgM antibodies were also examined in blood samples extracted from the umbilical cord of newborns, allowing them to estimate the incidence of congenital toxoplasmosis as 8/10,000 live births.
Spalding et al. [3] evaluated 2,126 pregnant women attended by the public health system of Rio Grande do Sul; they reported that 74.5% (1,583) were IgG positive, and among those, 3.6% (77) were also IgM positive. Among the IgG and IgM-positive pregnant women, 51 children were followed for at least one year of life; 28 were born from IgA positive mothers, most likely in the acute phase of infection and with risk of congenital transmission. Among these (IgG, IgM and IgA positive), three children (10.7%) had congenital infection confirmed, and one (3.6%) presented characteristic symptomatology. Extrapolating these data to the population in their study, the authors found a transmission rate of 2.2 of every 1,000 births and of 0.7 among every 1,000 live births presenting symptomatology. Neto et al. [24] in Rio Grande do Sul, reported 47 cases of congenital toxoplasmosis that among 140,914 blood samples from newborns originated from several cities in Brazil between September 1995 and December 1998, through the analysis of specific IgM antibodies. This datum suggests a prevalence of 1/3,000 live births.
In the city of Uberlândia, Minas Gerais state, Segundo et al. [25] evaluated 805 sera samples from umbilical-cord blood. Among these samples, 305 were collected in a private hospital -Hospital e Maternidade Santa Clara and 500 were collected in a public hospital -Hospital de Clínicas da Universidade Federal de Uberlândia, between January and August 2002. All the samples were analyzed using ELISA for the detection of IgG antibodies. Positive samples were also tested by capture ELISA for the detection of IgM and IgA antibodies. A prevalence of 51.6% was found for IgG anti-T. gondii antibodies, and 0.5% congenital toxoplasmosis. The toxoplasmosis cases were from the samples collected in the public hospital, which presented a rate of 0.8%.
In Botucatu, São Paulo, Olbrich-Neto and Meira [26] evaluated 478 expecting mothers from two Basic Health Units (Unidades Básicas de Saúde) administered by the Universidade Estadual Paulista (UNESP) from May 1998 to June 1999; the prevalence of IgG anti-T. gondii antibodies was 60% and the prevalence of IgM was 2.1%.
Navarro et al. [27] found a prevalence of IgG anti-T. gondii antibodies of 55.7% in pregnant women examined by IFI in the region of Londrina, Parana. Six of them (4.3%) presented titers higher than or equal to 1:1024, indicating a possible acute infection. Reiche et al. [28] conducted a retrospective study on 1,559 pregnant women attended by the Regional University Hospital in Northern Paraná, of the State University of Londrina (UEL) and found 67% positivity for IgG antibodies by IFI, and 1.8% for IgM antibodies by ELISA.
Diagnosis

Maternal Diagnosis
Toxoplasmosis is diagnosed in the laboratory based on immunological testing that give the titer of circulating antibodies, detection of the relevant antibody classes at each phase of the illness, isolation of the parasite, PCR, circulating antigen investigation and ultrasound imaging [29] .
Similarly to immune-competent adults, pregnant women are frequently asymptomatic or present mild symptoms, making a diagnosis difficult. Consequently, laboratory exams play an important role in the definitive diagnosis of maternal infection. Early diagnosis and adequate anti-parasitary treatment of pregnant women can reduce the rate of transmission to the fetus and the severity of sequels in cases where inter-uterine infection has already occurred [30] .
Toxoplasmosis is usually diagnosed by antibody detection. In acute infections, increased levels of IgG and IgM antibodies usually appear within the first or second week of infection [31] . High levels of specific IgG antibodies indicate that the individual has been previously infected. However, these antibodies do not distinguish a recent infection from one acquired a long time before. Detection of specific IgM antibodies can help determine if infection was recent [32] ; however, these antibodies can persist for months or even years after acute infection [33] . This fact has limited the use of this method, because it is not possible to determine if the patient has an acute infection, which can put the fetus at risk, or if the infection had occurred months before [32] .
Positive IgM test results should be confirmed by reference laboratories, which are able to determine the time since infection using specific tests, such as IgG avidity, or by serological profile (Sabin-Feldman reaction, capture ELISA-IgM, ELISA-IgA, ELISA-IgE and differential agglutination) [34] .
The test for IgG avidity is an auxiliary test to determine if the infection is acute or previously acquired when the IgM serological reaction is positive in an asymptomatic patient. The test is based on the greater strength of ionic bindings between antigen and antibody produced from old infections when compared to recent ones [35] . Depending on the method used, pregnant women with high avidity antibodies are those who have been infected at least 3-5 months earlier. This is most useful in pregnant women in their first months of gestation who have a positive test for both IgG and IgM toxoplasma antibodies. When avidity is low or boderline it may be misleading and a more careful interpretation is critical. Low-avidity results may persist for as long as 1 year [36] .
The finding of IgA antibodies indicates, with greater assuredness when it compared with IgM, the acute phase of infection; it has faster kinetics, suggesting that the infection occurred less than eight months previously [3] . ELISA and ISAGA are the most widely-used techniques for detection of IgA antibodies [36] .
Whenever the serological result is negative, prenatal and follow-up care must be intensified [31] in order to prevent infection of the mother. As the mother rarely develops infection symptoms, but rather has a temporary parasitemy [37] , serological diagnosis should be periodical, throughout pregnancy in seronegative women, in order to be aware of a possible infection [38] .
The interpretation of results obtained from serological examinations and the care of the pregnant mother according to pregnancy trimester can be seen in Figures 1 and 2 .
Fetal Diagnosis
The diagnosis of toxoplasmosis in the fetus was based on direct identification of the parasite by inoculation of amniotic liquid and/or fetal blood in mice, as well as cell culture, the sensitivity rate ranged from 64 to 73 percent and the specificity was 100 percent, however, it takes considerable time to obtain a result [42] .
Both these exams should be performed at least four weeks after the mother was infected [39] .
Replacing fetal blood analysis, which is a high risk procedure for the fetus, with molecular evaluation of amniotic fluid has provided a low risk diagnosis of congenital toxoplasmosis [29] . Pre-natal diagnosis of congenital toxoplasmosis using polymerase chain reaction (PCR) in amniotic liquid was initially suggested by Grover et al. [40] . This technique uses the amplification of a gene sequence of T. gondii; among the cloned genes, the most frequently used is gene B1, due to its greater specificity, being also found in different species of this parasite. Theoretically, PCR can make more than 1,000,000 copies of a genome fragment with hundreds of base pairs after 30 amplification cycles of material from a single parasite in the sample. Fast and simple, this technique can be used on the amniotic liquid starting at 18 weeks of pregnancy. However, it can also show false-positive results, mainly through contamination with amplification products [15] .
Hohlfeld et al. [41] studied 339 French women, who seroconverted during pregnancy from September 1991 to December 1992. Congenital infection was demonstrated through conventional methods (inoculation of amniotic liquid and/or blood from the umbilical cord in mice and/or other cellular cultivation and IgM research in umbilical-cord serum) in 34 of 339 fetuses. PCR was positive in all 34 fetuses and in three others who had negative conventional test results. Prenatal diagnosis was confirmed by post-natal serological tests or by necropsy findings in case of abortion. The authors of that study used a T. gondii B1 gene as a target for the PCR test; the sensitivity was 97.4%, compared to 89.5% with conventional methods, demonstrating that PCR is fast, safe and reliable for pre-natal diagnosis of congenital toxoplasmosis.
On the other hand, a study by Castro et al. [42] , conducted at the Fetal Medicine Center of the University Hospital of Minas Gerais Federal University (HU-UFMG) from January 1997 to March 1999, evaluated the efficiency of PCR for studies of amniotic liquid. They used a B1-gene primer for the detection of fetal infection by T. gondii in 37 pregnant women with acute infection; they also used inoculation in mice and they examined placenta histology. PCR sensitivity was 67% and specificity was 87%. Inoculation in mice gave a sensitivity of 50%, much lower than the levels observed in France, although it also presented a specificity of 100%. In this case, all the pregnant women were treated with medicine specifically prescribed for toxoplasmosis, and the children were examined to confirm or exclude the diagnosis of congenital toxoplasmosis. Among these 37 pregnant women, eight presented positive results for PCR. However, diagnosis was only confirmed in four newborns (through clinical examination and serological observation). Two other children with postnatal diagnosis were negative in the PCR test (false-negatives).
Vidigal et al. [38] analyzed 86 samples of amniotic liquid obtained from women presenting seroconversion during pregnancy, in Belo Horizonte, MG. These samples were amplified by PCR using a B1-gene primer. Seven (8.2%) were considered positive and 79 (92%) negative. Among the positive samples, only two were not confirmed after inoculation in mice or through clinical observation of the child. Among the negative cases, three presented clinical symptoms of congenital toxoplasmosis, and in one of them, inoculation in mice gave a positive diagnosis. The sensitivity of PCR was 63% and its specificity was of 97%. Inoculation in mice gave a sensitivity of 43% and a specificity of 100%.
Bessières et al. [43] compared the PCR technique with inoculation of the amniotic liquid into mice to test 261 pregnant French women with toxoplasmosis acquired during pregnancy, from 1996 to 1999; they found a sensitivity of 90% for PCR compared to 70% for the inoculation technique and a specificity of 100% for both techniques. The gene B1 was used for amplification.
Filisetti et al. [44] , in a study in France, compared three targets for the detection of T. gondii by PCR (ribosomal DNA 18S, gene B1 and gene AF146527) with inoculation in mice, using 83 samples from 44 newborns whose mothers acquired toxoplasmosis during pregnancy (amniotic liquid collected during pre-natal examination and birth, blood from the umbilical cord collected at birth and peripheral blood from the newborn). They found a sensitivity of 47% for ribosomal DNA 18S, 26% for gene B1 and 42% for gene AF 146527 and inoculation in mice; specificity was 95% for gene B1 and 100% for the other methods. They concluded that the techniques were not significantly different in terms of sensitivity and specificity. However, further analyses should be conducted to resolve problems with the PCR technique and to determine if the gene AF146527 is a suitable target. Association of PCR with inoculation in mice and/or serial repetition of several PCRs in a single sample with repetitive targets [42] increases the sensitivity of pre-natal diagnosis.
There are problems with the PCR technique. Daffos et al. [45] indicated that false-negative results could occur due to later transmission of the parasite to the fetus, after PCR, despite treatment with spiramycin. Grover et al. [40] stated that the primers may not be able to amplify the gene contained in the sample; quality control is necessary so that this does not occur, by testing the primer in several T. gondii strains. Examinations with a high rate of false-positive results can be a consequence of contamination at any stage of the process [42] .
In addition to the pre-natal exam, quantitative PCR of amniotic liquid can be used for early diagnosis of T. gondii fetal infection. Romand et al. [44] observed that fetuses whose mothers acquired the infection prior to 20 weeks of pregnancy and had a parasite load greater than 100/mL are at greater risk of developing severe sequels in the fetus.
As PCR still has limitations in sensitivity and specificity, depending on the methodology and primer used in each laboratory, it should not be the only diagnosis method. Montenegro and Rezende Filho [14] suggest a monthly ultrasound scan of the fetus in pregnant women who have a negative pre-natal diagnosis. They also suggest continuation of spiramycin treatment. Ultrasound scans are important for diagnosis, because they facilitate detection of hydrocephaly and brain calcification. However, other characteristics and alterations cannot be reliably checked.
The anatomic pathological status of the placenta in toxoplasmosis, as in other hematogenic infections, is characterized by focal villitis. However, inflammation of the chorial plate and extra-placentary membranes is frequent. Identification of free or encysted parasites can be difficult, demanding use of immunohistochemistry [49] . Castro et al. [42] examined 23 placentas; 10 presented anatomic and pathological alterations compatible with T. gondii infection. Among these, four were confirmed as congenital infections through clinical-laboratorial examination of the newborn.
Pinard et al. [50] concluded that seropositive mother should be clinically examined until the end of gestation, and fetus diagnosis should be based on a combination of ultrasound, amniocentesis and cordocentesis exams. Improvement of PCR will permit, in the near future, a decrease in conflicting results, as well as a decrease in the use of invasive techniques [42] .
Newborn Diagnosis
Due to false-negative results obtained with fetal-diagnosis methods, all children born from mothers with acute toxoplasmosis must be submitted to serological and clinical exams for the detection of possible infection and sequels. This evaluation must be conducted by pediatric infectologists, neurologists, ophthalmologists and phonoaudiologists.
IgG antibodies, found in the sera of the newborn, can be his/her own or acquired from the mother through the placenta. IgG antibodies inherited from the mother decrease and disappear at from 6-12 months of age [52] , whereas endogenous IgG in the infected child persists or increases [53] . IgM and IgA antibodies do not cross the placenta and form the basis for serodiagnosis of congenital infection [52] . Knowledge of theses kinetics can help in the diagnosis of congenital toxoplasmosis.
Interpretation of serological examinations and handling of the newborns whose mothers have suspected or confirmed toxoplasmosis can be observed in Figure 3 .
We suggest that neonatal screening programs for congenital toxoplasmosis should be include on basic Guthrie test for phenylketonuria (PKU) because the serology screening can not detected the infection in the mother.
Treatment
Early treatment of the mother can prevent or lessen congenital infection. Spiramycin does not pass through the placental barrier and does not pose a teratogenic risk for the fetus. Therefore, it can be used alone during the first three months of pregnancy [29] . Spiramycin treatment of the mother seems to control placenta infection and reduces transmission rates up to 60% [37] .
A combination of sulfadiazine and pirimetamine, together with folinic acid (triple drug treatment) is indicated for women after 18 weeks pregnancy and when the fetus has a confirmed or very likely infection. This drug association must be avoided during the first three months of pregnancy, due to the potential teratogenic effect of pirimetamine [54] (Figure 4 ). According to research conducted in Paris, this association is effective in the reduction of the severity of the disease and in the improvement of fetal and neonatal prognosis (2% with severe onset compared to 21% in historical controls) [30] . It has also been observed, in longitudinal studies, that if the woman infected during pregnancy is properly treated and the newborn submitted, during a year, to a classic, specific antiparasitary treatment regime for toxoplasmosis, the possibilities of neuro-ocular alterations decrease from 50% to 8% [50] .
Preventive Measures in Pregnancy
Prevention of human toxoplasmosis is based on care in avoiding the ingestion of tissue cysts and oocysts found in the environment [53] . There is no vaccine to protect humans against this disease. Prevention can be divided into primary, secondary and tertiary. Primary prevention, when applied during pre-natal care, can reduce first-time infections during pregnancy up to 63%. This basically consists of educational and public health programs, recommending the pregnant woman to avoid contact with material potentially contaminated with cat feces and to avoid ingestion of raw or badly-cooked meat or sub-products. The use of gloves when handling earth is also strongly recommended [56] .
Secondary prevention consists of early diagnosis of the mother, the fetus and the newborn, and avoiding actions that can cause transplacentary transmission of the parasite, through therapeutic intervention in pregnant women and child presenting acute infection. Tertiary prevention is concentrated on early diagnosis through dosage of specific IgA and IgM antibodies in blood collected from the newborn, allowing the use of a therapeutic regime to prevent or lower the risks of sequels [57] .
People in the high-risk group, mainly seronegative pregnant women and immunocompromised patients, must avoid contact with cats, soil, as well as handling and consumption of raw meat and its byproducts. Pet cats must only be fed with adequate pet food or cooked food, and they should not be allowed to hunt. Cat sand boxes must be cleaned daily, by people who are not in the high-risk group. The use of gloves for gardening is recommended [58] .
Hill and Dubey [58] recommend that hands be thoroughly washed with soap and water after the handling of raw meat, and kitchen utensils, such as cutting boards and knives, should also be cleaned before their use with other food. Fresh meat, sausages and similar products should be cooked at 67ºC or frozen to -13°C to prevent cysts from ecloding. Raw food, such as fruits and vegetables, must be thoroughly washed before being consumed. Navarro et al. [59] found that T. gondii cysts resist the effects of salt and condiments found in fresh sausages made from experimentally-infected pork meat, and concluded that only intervals superior to 48 hours of salt at concentrations of 2.5% rendered the parasite inviable. They also found that another condiments did not affect the parasite.
Awareness of the dangers of the disease and serological follow-up during pregnancy are of great importance in the prevention of congenital toxoplasmosis [58] . Countries that have programs for the prevention of congenital toxoplasmosis have a low prevalence of this disease. This is the case for Slovenia, where the incidence of the infection is nine of every 1000 women at risk of acquiring primary infection [60] , confirming the importance of infection prevention in pregnancy. Spalding et al. [3] reported that in some countries, such as France and Austria, serological research in pregnant women is mandatory by law. Such procedures have reduced the incidence of fetal toxoplasmosis from 40% to 7%.
Conclusions
Based on information about the risks and damages caused by congenital toxoplasmosis, the implementation of a program to accompany pregnant women is seen as indispensable, including serological tests every three months, until one month after birth. The addition of toxoplasmosis serology to neonatal screening programs is of utmost importance for the diagnosis of infection, whenever it has not been detected in the mother, so that treatment can be initiated as early as possible, in order to decrease possible sequels on the newborn.
It is also necessary to implement programs to educate health professionals (doctors, nurses, biochemists in the diagnostic lab, community-health agents, etc.) concerning the main congenital infections, specifically toxoplasmosis, as well as educating pregnant women about preventive measures, including pre-natal exams.
